Introduction
Research has indicated gonadotropic hormone treatments can be used to produce multiple births in cattle (review by Hafez, Jainudeen and Lindsay, 1965; Turman et al., 1971; Vincent and Mills, 1972) . However, these studies have indicated milk production of dams producing multiple births may not be adequate for optimum survival and weight gains in the suckling calves. Turman et al. (1971) reported 25% of the cows nursing twins failed to rebreed during a 90-day breeding season. Failure to rebreed did not appear to be associated with the incidence of retained placenta. Casida et al. (1968) reported cows nursing two calves had not exhibited a postpartum estrus when observations were terminated at more than 100 days after calving. Short et al. (1972) reported weaning calves at birth resulted in a shortened interval from calving to first estrus in the nonlactating dams and this interval was further shortened by mastectomy.
Success of efforts to increase beef production by increasing the incidence of multiple births could be limited by inadequate milk production by the dam and a suckling effect on postpartum reproductive activity of the dam. However, little information is available on growth performance of calves born as singles or multiples and weaned at an early age. The effects' on postpartum reproductive activity of weaning calves shortly after birth from dams producing multiple births is also unknown. 589 This study was conducted to determine: the effectiveness of follicle stimulating hormone (FSH) for induction of superovulation and multiple births in beef females; growth performance of calves weaned early and reared artificially; effects of early weaning on postpartum reproductive activity of dams producing single or multiple births.
Materials and Methods
Experiment 1. The study involved 52 nuUiparous beef heifers approximately 2 years of age, including straightbred and crossbred animals of Hereford, Angus and Charolais breeding. Weight range of the heifers at the beginning of the study was from 321 to 461 kilograms. Nine heifers were assigned to the control (untreated) group and 43 to the treated (estrus synchronization and superovulation) group. Estrus was synchronized in the treated heifers by feeding 180 rng medroxyprogesterone acetate (MAP) 3 daily days 1 to 11 (first day of MAP feeding equal day 1) plus 5 mg estradiol valerate injected intramuscularly on day 2. FSH 4 was injected intramuscularly twice daily on days 8 through 12 with a total dosage of 6.2 mg equivalents. Detailed procedures have been reported by Bellows, Anderson and Short (1969) .
Heifers were bred once via natural service to crossbred bulls when first detected in estrus after synchronization. They were rebred approximately 12 hr. later if they were still in standing estrus. Matings were confirmed by microscopic examination (440X) of vaginal mucus ~mples for the presence of normal, motile sperm. Treated heifers not conceiving at the first post-treatment breeding were rebred via natural service at the second estrus after hormonal treatment but were not retreated with hormones. Control heifers were also bred twice at a maximum of two estrual periods.
Heifers not returning to estrus were palpated for pregnancy 70 days after last breeding. Those diagnosed as pregnant were held for calving in September. Pregnant heifers were held in feedlots until April 28. Feed levels provided a calculated 4.2 kg TDN per head daily and consisted of both hay and grain. On April 29, pregnant heifers were placed on range pasture until 3 weeks before the first predicted 3 Premix containing 33 mg MAP/kg supplied by the Upjohn Company, Kalamazoo, Michigan.
4FSH-P, Armour-Baldwin Laboratories, Omaha, Nebraska. Each 10 cc vial labeled to contain 50 mg equivalents activity. calving date. Heifers were then returned to feedlots and held for observation at calving. Feed amounts were the same as those fed before the range pasture period.
Calvings were observed by herdsmen and need for obstetrical assistance was based on their judgment. Calvings were given a numerical score ranging from 1 to 4 depending on the assistance required (Bellows et al., 1971) . Any abnormal presentations were scored 5.
Calves from treated cows were assigned to an early weaning and artificial rearing study after birth. All calves born as multiples were removed from their dam at 3 days of age. Single calves were randomly assigned to be removed from the cow at either 3 or 10 days of age. Calves from control heifers were left with their dams until 90 days of age.
Calves weaned at 3 or 10 days were placed on cold whole milk fed ad libitum until 35 days of age. Milk was placed in pails and the temperature maintai,ned at 1.7 to 2.8 C by placing sealed polyethylene bottles containing ice directly into the milk. Icefdled bottles were changed as necessary to maintain the desired temperature. When calves were removed from their dam, they were placed in a small pen with free access to cold milk only. This was found to be necessary as some calves would consume only hay and grain if available. Calves were held in the small pen until they had been trained to drink the cold milk. The duration of the training period ranged from 1 to 8 days, with an average of 3.7 days.
Calfeteria ~9~ calf nipples were used for feeding the cold milk. The individual unit consisted of a metal mounting bracket holding a single rubber teat that was mounted above the milk container. A 41 cm flexible plastic tube was placed in the milk and inserted in the nipple to function as a siphon when the calf suckled. Calves were allowed access to excellent quality, second-cutting alfalfa hay and a grain mix (table 1) from the end of the training period until 90 days of age. All calves were removed from the study at 90 days.
All dams were held in feedlots and observed for estrus following calving. Estrus was detected by using sterile bulls wearing marking harnesses. Bulls were left with the cows at all times and checks for evidence of estrus were made twice daily. Dams nursing calves were held in feedlots separate from the nonlactating dams. Lactating dams were fed hay and grain at levels calculated SNow Zealand Pasture Implement Co., Pty. Ltd., Huntingdale, Vie. to supply 7.5 kg TDN per head daily. Nonlactating dams were fed the same type hay and grain in amounts calculated to supply 4.0 kg TDN per head daily.
Experiment 2. The study involved 55 lactating, 2-year-old dams. Dams were Hereford-Angus crossbreds nursing calves that were 3/4 Angus and 1/4 Hereford breeding. Estrus was synchronized as described for Experiment 1. All dams were superovulated with FSH by using the procedures described for Experiment 1. Twenty-eight head received a total dose of 6.2 mg FSH and 27 received a total dose of 9.4 milligrams. Dosage assignments were made at random and synchronization was initiated an average of 83 days postcalving.
Dams were bred via natural service to crossbred buUs and all mating procedures were the same as described in Experiment 1.
Lactating dams were held in feedlots throughout the synchronization, treatment and breeding periods. Feed rations included both hay and grain and supplied a calculated 7.5 kg TDN per head daily. Dams were placed on range pasture 30 days after the last MAP feeding. Pregnancy status was determined 70 days after the last breeding and pregnant females were held for calving. Pregnant dams were held on range until being placed in feedlots 3 Weeks before the first predicted calving date in March. Range forage was supplemented with 11.4 kg average-quality hay plus 1.8 kg pelleted barley containing 66,079 IU Vitamin A per kilogram. Supplemental feeding was begun on December 28 and was continued to calving. Pregnant dams gained an average of 46.8 kg during the last trimester of pregnancy.
Calving conditions and procedures were the same as those described for Experiment 1.
Calves were assigned to an early weaning study after birth. All calves born as multiples were weaned at 3 days of age. Single calves were randomly assigned to weaning at either 3 or 35 days of age.
Calves weaned at 3 days of age were artificially reared on cold milk replacer 6 fed ad libitum until 35 days of age. Milk replacer was fed and temperature maintained as described for Experiment 1. Calves were trained to consume the cold milk replacer as described for Experiment 1. The duration of the training period ranged from 1 to 3 days, with an average of 1.3 days. All feeding procedures, including the grain mix used, were the same as those described for Experiment I.
Single calves assigned to weaning at 35 days of age were held in feedlots with their dams and were weaned on an individual basis at 35 days. They were placed on excellent quality secondcutting alfalfa hay and the same grain mix that was fed to the calves weaned at 3 days of age. No milk replacer was fed.
Estrus was determined as described for Experiment I. Lactating dams were fed hay and grain at levels calculated to supply 7.5 kg TDN per head daily. Nonlactating dams were fed the same type hay and grain in amounts calculated to supply 4.0 kg TDN per head daily.
Statistical Analyse~ Individual orthogonal comparisons (Steel and Torrie, 1960) were made for treatment degrees of freedom. Planned comparisons were made by the principles of unweighted means (Snedecor, 1956 ) because of unequal subclass numbers. Regression coefficients used for adjustments were calculated by the method described by Snedecor (1956) and adjusted • values were obtained as described by Steel and Torrie (1960) .
Remits and Discussion
Conception, calving and calf survival data are summarized in table 2. Synchronization of estrus and treatment with FSH in Experiment 1 resulted in nonsignificant depressions of conception and calving rates and nonsignificant ~Land O'Lakes 2410@ containing not less than 24.0% crude protein or 10.0% credo fat; not more than 0.25% crude fiber, 9.0% ash or 5.0% moisture; plus, 9,072 and 2,268 IU Vitamin A and Vitamin D per kilogram, respectively. increases in net calf and weaning percentages. Net calf and weaning percentages were calculated by dividing the number of calves born and the number weaned by the number of cows assigned to the study. The 43 heifers treated with 6.2 mg FSH produced 39 calves, including five sets of twins. Treatments in Experiment 2 resulted in nonsignificant differences between 6.2 and 9.4 mg FSH dosages in conception and calving rates and net calf and weaning percentages. However, net calf and weaning percentages of 111 and 104% indicate the potential of successful treatments. The 28 dams treated with 6.2 mg FSH produced 21 calves including one set of twins. The 27 dams treated with 9.4 mg FSH produced 30 calves including four sets of twins and one set of triplets. Vincent and Mills (1972) report cows treated with 7.8 mg or 9.4 mg FSH produced more multiple births than cows treated with 6.2 milligrams. They suggest that the probability for production of multiple births may be greater when more than two ovulations are produced. If their hypothesis is correct, it could explain the dose-level difference in multiple births noted in this study. This question cannot be answered from data available in the present study because ovulation rates were not determined.
Experiments 1 and 2 were not designed to make direct comparisons between primaparous and pluriparous dams. However, net calf and weaning percentages exceeding 100% were obtained only in pluriparous dams treated with 9.4 mg FSH. Turman et al. (1971) and Vincent andMills (1972) also report calf percentages exceeding 100% in pluriparous dams. Johannson (1932) and Erb and Morrison (1959) report data indicating the incidence of twinning in cattle increases with age. However, Kidder, Barrett and Casida (1952) found only a small increase in incidence of multiple ovulations with age in dairy cattle. These workers suggested that the increase in multiple births with age may be a result of a decreased prenatal death rate in twin conceptions in older animals rather than from an increased incidence of multiple ovulations. Results from the present and cited studies could be interpreted to suggest the probability for successful maintenance of multiple pregnancies is greater in pluriparous than in primaparous dams.
Gestation lengths and calving data are summarized in table 3. Gestation lengths in cows producing single calves were longer (P < .01) than gestation lengths of cows producing multiple births in both Experiment 1 and Experiment 2. Calving data obtained in Experiment 1 suggested a lower incidence of calving difficulty and lower difficulty scores in heifers producing multiple births. These results were reversed in Experiment 2 where there was a nonsignificant increase in incidence of calving in table 2 footnotes. Dystocia resulted in death of seven of the eight calves lost at birth in the two experiments. The losses resulted from delayed and difficult parturition, including abnormal presentations, and could possibly have been prevented had proper and timely assistance been given at parturition. This emphasizes the need for careful observation during the calving period so assistance can be given during difficult or complicated parturitions.
The incidence of retained placentae was increased in both Experiments 1 and 2 in dams producing multiple births, as was expected. The increase observed in Experiment 1 (5.4 vs.
40.0%) approached significance (X 2 = 2.8, P < .10).
Early weaning of calves resulted in shortened intervals from calving to first postpartum estrus in dams in Experiments 1 and 2 (tables 4 through 7). This result agrees with results reported by Laster, Glimp and Gregory (1973 significant). These data indicate that early weaning resulted in a shortening of the postpartum interval from calving to first estrus, regardless of whether the dam had produced single or multiple births. This would indicate the prolonged postpartum intervals noted in dams nursing more than one calf in the previously cited studies were a result of milk production or the suckling stimulus associated with nursing more than one calf and not the result of production of multiple births per se. Three heifers in Experiment 1 failed to exhibit estrus during the 90-day postcalving period. Two had calves weaned at 10 days and one was in the control group. All three heifers had complications at calving (see footnotes in tables 4 and 6).
All heifers in Experiment 1 were bred via artificial insemination at the first estrus after calving but few conceptions resulted. Two early weaned dams conceived. Both had produced single calves and the intervals from calving to conception were 22 and 56 days. Three control (suckled) dams conceived, and the intervals from calving to conception were 26, 30 and 36 days. These results agree with work reported by Short et al. (1972) who found fertility was low in cows exhibiting estrus early postpartum.
Calf growth and body weights are summarized in tables 4 through 7. Birth weights of single calves were greater than those of multiples in both Experiment 1 (33.8 vs. 25.1 kg, P< .01) and Experiment 2 (32.5 vs. 22.6 kg, P < .01). Birth weights of male calves were greater than those of females by 2.6 kg (P < .05) in Experiment 2. Actual (unadjusted) 35-day weights of calves born as multiples were greater than those of singles (56.6 bone cow lost at calving from uterine prolapse.
CAdjusted for regression of 35-day wt on birth wt, b = 1.997, P < .01.
dAcljusted for regression of 90-day wt on birth wt, b = 2.000, P < .01.
eAverage daily gain. 
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weaned at 3 days of age (47.8 vs. 60.9 kg, 3 vs. 35 days, P < .01). Regression coefficients of 35-day weights on birth weights were calculated for Experiment 1 (b= 1.222, P< .05) and Experiment 2 (b = 1.997, P< .01). These coefficients were used to adjust 35-day weights for birth weight and the adjusted weights were analyzed. This adjustment increased the magnitude of the difference in 35-day weights between calves born as singles and multiples in Experiment 1 (44.0 vs. 64.7 kg, P < .01). Analysis of adjusted 35-day weights in Experiment 2 resulted in a reversal of the weight differences, with singles becoming significantly lighter than multiples (46.0 vs. 57.6 kg, single vs. multiple, P< .01). This result indicates birth weight was of major importance in determining 35-day weight of calves in Experiment 2. Adjusted 35-day weights of calves weaned at 35 days were greater than weights of calves weaned at 3 days (56.8 vs. 50.0 kg, P< .05). The interaction between type of birth and sex of calf approached significance (P <. 10).
Analyses of 90-day weights were conducted on both actual weights and after adjusting for the regression of 90-day weight on birth weight. Analyses of actual weights indicated calves born as singles in Experiment 2 tended to be heavier at 90 days than calves born as multiples (79.6 vs. 71.6 kg, P < .10). Further analyses of actual 90-day weights indicated early weaned calves were lighter at 90 days in both Experiment 1 (91.4 vs. 107.7 kg, early vs. late wean, P < .01) and Experiment 2 (76.8 vs. 91.3 kg, early vs. late wean, P < .01). In addition, 90-day weights of calves weaned at 10 days tended to be greater than those of calves weaned at 3 days (98.2 vs. 86.6 kg, P< .10) in Experiment 1.
Adjusting 90-day weights for birth weight in Experiment 1 (b=1.892, P< .01) and Experiment 2 (b = 2.000, P < .01) changed the magnitude but not the direction of the differences between early and late weaned calves (91.2 vs. 107.7 kg, early vs. 90-day, Experiment 1, P < .01; 79.0 vs. 87.2 kg, 3 vs. 35-day, P< .10, Experiment 2). This result indicates that the differences in body weights between the early and late weaned calves was not explained by differences in birth weight. The most probable reason was that the growth environment was less than optimum for calves that were weaned shortly after birth.
Additional analyses of adjusted 90-day weights indicated highly significant differences due to type of birth in both experiments (77.0 vs. 103.8 kg, P < .01 ; 74.8 vs. 87.2 kg, P < .01 ; single vs. multiple for Experiments 1 and 2, respectively). These results represented a change in magnitude of the difference between singles and multiples in Experiment 1 and a change in direction of the difference in Experiment 2 indicating differences in final weights between singles and multiples were largely explained by differences in birth weights in Experiment 2.
A significant (P < .05) interaction between calf sex and time of weaning was noted for adjusted 90-day weights in Experiment 1. The interaction indicated that 90-day weights of male calves were reduced more by early weaning (118.7 vs. 89.9 kg) than were the 90-day weights of female calves (96.7 vs. 92.5 kg). The interaction effect of sex of calf and type of birth on adjusted 90-day weights approached significance (P < .10) in Experiment 2.
Analyses of total gains from birth to 35 days of age indicated calves born as multiples gained more than calves born as singles in Experiment 1 (31.6 vs. 6.4 kg, P< .01). The difference in average daily gains between singles and multiples in Experiment 1 has been discussed previously. Calves weaned at 3 days of age gained more weight from birth to 35 days (19.0 vs. 6.0 kg, P < .01) and had more rapid weight gains than calves weaned at 10 days of age (0.59 vs. 0.25 kg/day, P < .01, 3 vs. 10 day wean) in Experiment 1. However, calves weaned at 35 days gained more weight (28.5 vs. 17.1 kg, P< .01) and had more rapid gains (0.81 vs. 0.54 kg/day, P< .01) than calves weaned at 3 days in Experiment 2.
Interaction effects on total weight gain and average daily gain from birth to 35 days of age (both P < .10) in Experiment 2 suggested single female calves gained more weight (19.1 vs. 14.0 kg) and gained more rapidly (0.60 vs. 0.44 kg/day) than single males. However, males born as multiples gained more weight (22.0 vs. 17.4 kg) and gained more rapidly (0.69 vs. 0.55 kg/day) than females born as multiples.
Analyses of gains from 36 to 90 days of age indicated calves weaned at 10 days of age gained more weight (46.9 vs. 37.2 kg, P< .01) than calves weaned at 3 days of age in Experiment 1. This was apparently due to compensatory gains following the slow gain period from birth to 35 days of age. More difficulty was encountered in starting calves weaned at 10 days of age on milk and the grain and hay than with calves weaned at 3 days.
Total gain from birth to 90 days of age was greater for calves born as multiples than as singles (66.2 vs. 47.6 kg, P< .01) in Experiment 1. This was also true for average daffy gains because multiples gained more rapidly than singles (0.73 vs. 0.53 kg/day, P < .01). Calves weaned at 3 or 10 days after birth in Experiment 1 did not gain as much as calves allowed to suckle their dams (59.6 vs. 76.0 kg, P< .01) and gained at a slower rate (0.66 vs. 0.84 kg/day, P < .01). These differences were also noted in Experiment 2. Calves weaned at 35 days of age gained more weight from birth to 90 days (58.9 vs. 47.5 kg, P < .01) and had greater daffy gains (0.65 vs. 0.53 kg/day, P < .01) than calves weaned at 3 days. These differences were probably a result of a less-than-optimum growth environment for the early weaned calves. These differences could possibly be minimized by feeding a more appropriate grain or roughage ration (Jacobson, 1969) .
Interactions of sex of calf and time of weaning approached significance (P < .10) for total gain and average daily gain from birth to 90 days of age in Experiment 1.
Milk or milk replacer consumption or grain and hay consumed could not be determined on an individual basis because calves were group fed in both experiments. However, milk consumption in Experiment 1 was estimated to average 4.4 kg per head daily for all early weaned calves to 35 days of age. Estimated grain and hay consumption averaged 1.7 and 1.3 kg per head daffy, respectively, for all early weaned calves to 90 days on Experiment 1. No estimates of feed consumption were made for calves allowed to suckle their dams during the 90-day period. Estimated consumption of milk replacer averaged 7.2 kg per head daily in Experiment 2. Daily grain and hay consumption in Experiment 2 was estimated to average 1.2 kg and 0.6 kg per head, respectively.
Feeding cold whole milk or cold milk replacer did not cause digestive problems in the early weaned calves. This is in agreement with work reported by Owen, Plum and Appleman (1970) . Once calves were trained to drink, they voluntarily consumed the cold liquid readily.
During the course of Experiment 1, three calves failed to gain satisfactorily and exhibited a general unthrifty appearance even though they had good appetites. It was hypothesized that this could be due to lack of development of a viable microbial population in the rumen which resulted in incomplete feed digestion and insufficient B-vitamin synthesis. A rumen inoculum was prepared by obtaining 9 kg of rumen contents from a local slaughterhouse and mixing it with 4 liters of tapwater. The mixture was stirred and then strained .through cheesecloth to remove larger pieces of ingesta. All calves were given a 25 cc oral treatment of the resulting fluid. This treatment resulted in rapid improvement in gain and appearance of the slow-gaining calves. This same procedure was followed on Experiment 2 but early weaned calves received the rumen inoculum twice during the time they were on the cold milk replacer. A noticeable response was obtained after each treatment. The necessity for more than one treatment in Experiment 2 may have been the result of intake of antibiotics that were incorporated in the milk replacer.
These studies indicate that early weaned calves born as singles or multiples will make satisfactory weight gains under conditions of artificial rearing using cold milk or cold milk replacer, grain and hay. In addition, early weaning resulted in a shortened postpartum interval in dams producing single or multiple births.
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